(19) 




(12) 



Europalsches Patentamt 
European Patent Off Ice 

u * mi EP 0 838 837 A2 

Office europeen des brevets (11) c r v www 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

29.04.1998 Bulletin 1998/18 

(21) Application number: 97118465.0 

(22) Date of filing: 23.1 0.1 997 

(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PTSE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 25.10.1996 J P 283814/96 

06.12.1996 JP 326770/96 

31.01.1997 JP 18773/97 

(71) Applicant: 

CANON KABUSHIKI KAISHA 
Tokyo (JP) 

(72) Inventors: 

• Terashima, Shigeru 
Ohta-ku, Tokyo (JP) 



(51) mt. Cl. 6 : H01J 37/317, H01 J 37/30, 
H01L 21/30, H01J 37/302, 
H01J 37/304 



Muraki, Masato 
Ohta-ku, Tokyo (JP) 

• Okunuki, Masahiko 
Ohta-ku, Tokyo (JP) 

• Miyake, Akira 
Ohta-ku, Tokyo (JP) 

• Matsui, Shin 
Ohta-ku, Tokyo (JP) 

(74) Representative: 

Pellmann, Hans-Bernd, Dipl.-lng. et al 
Patentanwaltsburo 
Tiedtke-Biihling-Kinne & Partner 
Bavariarlng 4 
80336 Munchen (DE) 



(54) Electron beam exposure apparatus and method 

(57) An electron beam exposure apparatus for pro- 
jecting an image formed by electron beams onto a wafer 
(1 14) via a reduction electron optical system (108), irra- 
diates collimated electron beams toward an aperture 
board (104) having an arcuated aperture (201) sand- 
wiched between two arcs having, as the center, the axis 
of the reduction electron optical system (108), and 
exposes the wafer (114) with electron beams having an 
arcuated sectional shape that have been transmitted 
through the aperture (201). 
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Description 

BACKGROUND OF THE INVENTION 



The present invention relates to an electron beam 
exposure apparatus for projecting an image formed by 
electron beams onto the object to be exposed such as a 
wafer via a reduction electron optical system. 

In the mass production process for manufacturing 
semiconductor memory devices, an optical stepper with 
high productivity is used. However, in the manufacture 
of memory devices since 1G and 4G DRAMs having a 
line width of 0.2 ^m or less, an electron beam exposure 
method that can assure high resolution and high pro- 
ductivity is expected to replace optical exposure. 

As a conventional electron beam exposure method, 
a single-beam Gaussian scheme and variable forming 
scheme are popular, and since these schemes have low 
productivity, they are used in only applications that use 
excellent resolving performance of electron beams, 
such as mask drawing, studies and developments of 
VLSIs, exposure of ASIC devices that are manufactured 
in small quantities, and the like. 

As described above, how to improve the productiv- 
ity is a serious problem upon application of the electron 
beam exposure method to the mass production proc- 
ess. 

In recent years, as a method of solving the above- 
mentioned problem, a stepping scheme has been pro- 
posed. This scheme (Fig. 9) aims at improving the pro- 
ductivity of drawing by forming repetitive portions of a 
memory circuit pattern as cells in units of regions having 
a width of several ^im. 

However, the maximum exposure region that can 
be simultaneously exposed by this scheme is as small 
as about several urn, which is the same as that in the 
variable forming scheme, and in order to obtain a 
broader exposure region, a plurality of (two or three) 
deflectors must be arranged, and chromatic aberration, 
distortion, and the like caused by deflection must be 
removed using an MOL (movable objective lens sys- 
tem). 

In order to improve the productivity, it is required to 
broaden the drawing region. However, the deflection 
amount that can assure a resolution of 0.2 urn or less 
and a stitching precision of 20 to 30 nm is about several 
mm. 

As described above, in the conventional electron 
beam exposure apparatus, the region that can be 
exposed simultaneously, i.e., a so-called exposure 
region is extremely smaller than that in an optical expo- 
sure apparatus or the like. For this reason, a full plate 
method of exposing the entire wafer by scanning an 
electron beam and mechanically scanning the wafer 
and mask is used. In order to expose the entire surface 
of the wafer, the stage must be reciprocally scanned a 
large number of times, and consequently, the stage 
scanning time becomes a main factor that determines 



productivity. Hence, a very long time is required for 
exposing a single wafer as compared to the optical 
exposure apparatus. 

The throughput can only be greatly improved by 
s either increasing the scanning speed or broadening the 
irradiation region. On the other hand, on a conventional 
irradiation region as small as several ^m, the image is 
blurred under the influence of the space charge of beam 
currents, if the current density increases. That is, since 
10 the maximum irradiation current value is limited, the 
problem still remains unsolved even when the high 
scanning speed is attained. 

As described above, it is hard to broaden the expo- 
sure region as long as image formation is done using a 
is narrow region in which the on-axis aberration of an elec- 
tron optical system is small like the conventional expo- 
sure method. 



SUMMARY OF THE INVENTION 
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The present invention has been made in considera- 
tion of the above situation, and has as its one object to 
improve the throughput by broadening the exposure 
region. 

25 According to the present invention, the foregoing 
object is attained by providing an electron am exposure 
apparatus for projecting an image formed by electron 
beams onto an object to be exposed via a reduction 
electron optical system, comprising: carrying means for 

30 carrying the object to be exposed; and irradiation 
means for irradiating electron beams having an arcu- 
ated sectional shape sandwiched between two arcs 
having, as a center, an axis of the reduction electron 
optical system, toward the object to be exposed. 

35 In a preferred embodiment, correction means for 
correcting aberrations produced when the electron 
beams pass through the reduction electron optical sys- 
tem. 

In a preferred embodiment, the correction means 

40 diverges or converges the electron beams to give differ- 
ent divergent or convergent effects in a tangential direc- 
tion and a radius vector direction of the arc in the 
arcuated section defined by the electron beams. 

In a preferred embodiment, the correction means 

45 has an arcuated aperture for transmitting the electron 
beams coming from the irradiation means. 

In a preferred embodiment, the irradiation means 
has: photoelectric conversion means for converting light 
into electrons; projection means for projecting an image 

so of light having an arcuated sectional shape sandwiched 
between two arcs having, as the center, the axis of the 
reduction electron optical system, onto a photoelectric 
conversion surface of the photoelectric conversion 
means; and acceleration means for accelerating the 

55 electrons output from the photoelectric conversion sur- 
face in a direction of the object to be exposed. 

In a preferred embodiment, the irradiation means 
has: an electron beam source for emitting electron 
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beams; first deflection means, having two cylindrical 
surface electrodes having a first axis as a center, for 
deflecting the electron beams emitted by the electron 
beams source by an electric field across the two cylin- 
drical surface electrodes; and an aperture board having 
an arcuated aperture sandwiched between two arcs 
having, as the center, the axis of the reduction electron 
optical system, and the irradiation means irradiates 
electron beams having an arcuated sectional shape, 
which have been transmitted through the aperture of the 
aperture board, of the deflected electron beams toward 
the object to be exposed. 

According to another aspect of the present inven- 
tion, the foregoing object is attained by providing an 
electron beam exposure method for projecting an image 
formed by electron beams onto an object to be exposed 
via a reduction electron optical system, comprising the 
step of: exposing an entire exposure region on the 
object to be exposed by scanning electron beams hav- 
ing an arcuated sectional shape sandwiched between 
two arcs having, as a center, an axis of the reduction 
electron optical system, on the object to be exposed. 

In a preferred embodiment, the step of correcting 
aberrations produced when the electron beams pass 
through the reduction electron optical system. 

In a preferred embodiment, the step of correcting 
the aberrations includes the step of diverging or con- 
verging the electron beams to give different divergent or 
convergent effects in a tangential direction and a radius 
vector direction of the arc in the arcuated section 
defined by the electron beams. 

In still another aspect of the present invention, the 
foregoing object is attained by providing an electron 
beam exposure method for projecting an image formed 
by electron beams onto an object to be exposed via a 
reduction electron optical system, comprising the steps 
of: projecting an image of light having an arcuated sec- 
tional shape sandwiched between two arcs having, as 
the center, the axis of the reduction electron optical sys- 
tem, onto a photoelectric conversion surface of a photo- 
electric conversion member; accelerating and 
irradiating electron beams having an arcuated sectional 
shape output from the photoelectric conversion surface 
in a direction of the object to be exposed; and scanning 
the electron beams having the arcuated sectional shape 
on the object to be exposed, thereby exposing an entire 
exposure region on the object to be exposed. 

In a preferred embodiment, the step of correcting 
aberrations produced when the electron beams pass 
through the reduction electron optical system. 

In a preferred embodiment, the step of correcting 
the aberrations includes the step of diverging or con- 
verging the electron beams to give different divergent or 
convergent effects in a tangential direction and a radius 
vector direction of the arc in the arcuated section 
defined by the electron beams. 

In still another aspect of the present invention, the 
foregoing object is attained by providing an electron 



beam exposure method for projecting an image formed 
by electron beams onto an object to be exposed via a 
reduction electron optical system, comprising the steps 
of- deflecting electron beams emitted by an electron 
5 beam source by an electric field across two cylindrical 
surface electrodes having a first axis as a center; irradi- 
ating the deflected electron beams onto an aperture 
board having an arcuated aperture sandwiched 
between two arcs having, as a center, an axis of the 
10 reduction electron optical system; irradiating electron 
beams having an arcuated sectional shape, which have 
been transmitted through the aperture toward the object 
to be exposed; and scanning the electron beams having 
the arcuated sectional shape on the object to be 
r5 exposed, thereby exposing an entire exposure region 
on the object to be exposed. 

In still another aspect of the present invention, the 
foregoing object is attained by providing an electron 
beam exposure method for projecting an image formed 
20 by electron beams onto an object to be exposed via a 
reduction electron optical system, comprising the steps 
of: deflecting electron beams emitted by an electron 
beam source by an electric field across two cylindrical 
surface electrodes having a first axis as a center; further 
25 deflecting the deflected electron beams by an electric 
field, in a direction opposite to a direction of the electric 
field, across two cylindrical surface electrodes having a 
second axis as a center; irradiating the deflected elec- 
tron beams onto an aperture board having an arcuated 
30 aperture sandwiched between two arcs having, as a 
center, an axis of the reduction electron optical system; 
irradiating electron beams having an arcuated sectional 
shape, which have been transmitted through the aper- 
ture toward the object to be exposed; and scanning the 
35 electron beams having the arcuated sectional shape on 
the object to be exposed, thereby exposing an entire 
exposure region on the object to be exposed. 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 
40 ing detailed description of embodiments of the present 
invention with reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

45 Fig. 1 is a diagram showing the arrangement of an 
electron beam exposure apparatus according to the 
first embodiment of the present invention; 
Figs. 2A and 2B are respectively a perspective view 
and a side view of a mask of the first embodiment; 

so Fig. 3 is a block diagram showing the arrangement 
of principal part of the electron beam exposure 
apparatus of the first embodiment; 
Fig. 4 is a perspective view for explaining exposure; 
Fig. 5 is a plan view showing Example 1 of an aper- 

55 ture board of the first embodiment; 

Figs. 6A and 6B are views showing Example 2 of 

the aperture board of the first embodiment; 

Figs. 7A and 7B are views showing Example 4 of 



3 



5 EP 0 838 

the aperture board of the first embodiment; 
Figs. 8A and 8B are views for explaining the basic 
technical principle of the present invention; 
Fig. 9 is a perspective view for explaining a conven- 
tional stepping electron beam exposure apparatus; s 
Fig. 10 is a flow chart showing the manufacture of a 
semiconductor device; 

Fig. 11 is a detailed flow chart of a wafer process; 
Fig. 12 is a diagram showing the arrangement of an 
electron beam exposure apparatus according to the 10 
second embodiment of the present invention; 
Fig. 13 is an explanatory view of an aberration cor- 
rection optical system; 

Fig. 1 4 is a block diagram showing the arrangement 
of principal part of the electron beam exposure is 
apparatus of the second embodiment; 
Fig. 15 is a plan view showing the arrangement of 
an aperture board of the second embodiment; 
Fig. 16 is an explanatory view of an arcuated expo- 
sure region; 20 
Fig. 17 is an explanatory view of an exposure scan 
route; 

Figs. 18A and 18B are views showing Example 3 of 
the aperture board of the second embodiment; 
Fig. 19 is a diagram showing the arrangement of an 25 
electron beam exposure apparatus according to the 
third embodiment of the present invention; 
Fig. 20 is a diagram showing the arrangement of an 
electron beam illumination apparatus according to 
the third embodiment of the present invention; 30 
Figs. 21 A and 21 B are views for explaining the 
functions of the electron beam illumination appara- 
tus according to the third embodiment of the 
present invention; 

Fig. 22 is an explanatory view of an aberration cor- 35 
rection optical system; 

Fig. 23 is a block diagram showing the arrangement 
of principal part of the electron beam exposure 
apparatus according to the third embodiment of the 
present invention; 40 
Fig. 24 is a plan view showing the arrangement of 
an aperture board; 

Fig. 25 is an explanatory view of an arcuated expo- 
sure region; and 

Fig. 26 is an explanatory view of an exposure scan as 
route. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

(Basic Principle of the Present Invention) 

In a conventional electron beam exposure appara- 
tus, the one-shot exposure region of an electron optical 
system is extremely smaller than that of the projection ss 
optical system of an optical exposure apparatus. For 
this reason, since the electronic scanning distance and 
mechanical scanning distance rehired for exposing the 
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entire wafer are considerably longer than those in the 
optical exposure apparatus, a very long time is required, 
resulting in a very low throughput. In order to improve 
the throughput, either the electronic and mechanical 
scanning speeds must be increased, or the one-shot 
exposure region must be broadened. 

The present invention has as its one object to 
improve the throughput by broadening the exposure 
region. 

When electron beams having in a broad section are 
to be imaged on a wafer, aberrations (especially, curva- 
ture of field and astigmatism) worsen as the position 
under consideration is separated from the optical axis of 
the electron optical system (separated from the optical 
axis in the radius vector direction). In view of this prob- 
lem, as shown in Fig. 8A, the present invention does not 
use any electron beams in the on-axis region (A in Fig. 
8A) of the electron optical system, which region is used 
in the conventional electron beam exposure apparatus, 
but uses electron beams in an arcuated region (B in Fig. 
8A) sandwiched between two arcs having the optical 
axis as the center. With these electron beams, the cur- 
vature of field in the exposure region can be substan- 
tially completely removed. In this state, astigmatism 
(Fig. 8B) cannot be removed. However, since the focal 
point positions, in the radius vector direction and in the 
tangential direction, of electron beams in the exposure 
region are substantially identical positions, astigmatism 
can be substantially completely removed by arranging a 
correction means that gives different divergent or con- 
vergent effects to the electron beams in the exposure 
region in the radius vector direction and the tangential 
direction. As a result, the exposure region of the elec- 
tron beam exposure apparatus of the present invention 
can be greatly broadened as compared to the conven- 
tional apparatus. 

(First Embodiment) 

(Example 1) 

Fig. 1 shows the arrangement of an electron beam 
exposure apparatus of the present invention. Electron 
beams 102 emitted by an electron gun 101 are con- 
verted into nearly collimated electron beams by a con- 
denser lens 103, and these beams enter an aperture 
board 104. The detailed arrangement of the aperture 
board 104 will be explained later. The aperture board 
104 has an arcuated aperture, which extracts the elec- 
tron beams in an arcuated region (which is sandwiched 
between two arcs having, as the center, the optical axis 
of a reduction electron optical system 108 to be 
described later), and guides them to a mask 105 having 
a pattern defined by electron beam transmitting and 
shielding portions. The mask 105 may use either a scat- 
tering type mask which has a scattering member pat- 
tern that scatters electron beams on a membrane that 
transmits electron beams, or a stencil type mask having 
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an absorption member pattern for shielding or attenuat- 
ing electron beams. This embodiment uses the scatter- 
ing type mask. The electron beam mask 105 is placed 
on a mask stage which is movable in at least the X- and 
Y-directions. The electron beam mask 105 will be 
described in detail later. 

The electron beams coming from the arcuated 
region on the mask 105 are imaged on a wafer 114 via 
a reduction electron optical system 108 made up of 
electron lenses 108A and 108B. In this case, the elec- 
tron beams are imaged on the wafer via an aberration 
correction optical system 107 that corrects aberrations 
(especially, astigmatism) produced when the electron 
beams are transmitted through the reduction electron 
optical system. The aberration correction optical system 
107 is an electrode which has an arcuated aperture 
107a which is sandwiched between two arcs having the 
optical axis of the reduction electron optical system 108 
as the center as in the aperture board 104, and is 
broader than the aperture board 104 so as not to shield 
the electron beams coming from the electron beam 
mask 105. The potential of the system 107 is set to 
accelerate or decelerate the electron beams from the 
electron beam mask 105. As a consequence, the aber- 
ration correction optical system 107 builds an electron 
lens that gives different divergent or convergent effects 
in the tangential and radius vector directions of the arcu- 
ated aperture, in other words, an electron lens having 
different focal lengths in the tangential and radius vector 
directions of the arcuated aperture. This embodiment 
adopts an electron lens made up of a single electrode, 
but may adopt a unipotential lens made up of three elec- 
trodes having the same aperture shape. 

Reference numeral 110 denotes a rotation lens for 
rotating a pattern image on the mask 105, which image 
is to be projected onto the wafer 1 1 4; 1 1 1 , a scattered 
electron beam limit aperture which shields electron 
beams transmitted through and scattered by the scat- 
tering member of the mask 105, and transmits electron 
beams transmitted through a portion without any scat- 
tering member; 112, a position correction deflector for 
correcting the position of the pattern image on the elec- 
tron beam mask 105, which image is to be projected 
onto the wafer 1 14; and 1 13, a focus correction lens of 
the reduction electron optical system 108. 

Reference numeral 1 15 denotes a wafer chuck that 
carries the wafer 114; and 1 1 6, a wafer stage which car- 
ries the wafer chuck, and is movable in the X- and Y- 
directions and rotatable in the X-Y plane. 

In the above-mentioned arrangement, when the 
mask 105 and wafer 1 14 are synchronously moved at 
speeds corresponding to the reduction ratio of the 
reduction electron optical system 108 respectively in the 
directions of arrows 121 and 122, the pattern of the 
arcuated region on the mask 105 is sequentially 
exposed onto the wafer 1 14. 

Figs. 2 A and 2B show the electron beam mask 105 
used in the electron beam exposure apparatus of this 



embodiment. Reference numeral 401 denotes a mask 
pattern region; 402, a mask wafer; 403, an electron 
beam transmission membrane; 404, an electron beam 
scattering member; 405, reinforcement beams; and 
5 406, a mask frame. In the arrangement of this mask, a 
0.07 inn thick gold film is patterned as the scattering 
member 404 on a 0.1 -urn thick SiN membrane 403, 
which is formed on a 2-mm thick silicon wafer 402. 
Since the silicon wafer alone is hard to handle, it is fixed 
10 to the mask frame 406 used in, e.g., X-ray exposure. 
The 0.1 -\in\ thick SiN film as the membrane of this mask 
has a very small mechanical strength. For example, the 
circuit pattern for one 4G-DRAM chip requires an area 
of about 20 mm x 35 mm. Assuming that such pattern is 
75 transferred in a reduction ratio of 1/4 to 1/5 as in the 
conventional optical exposure apparatus, that area 
becomes 80 mm to 100 mm x 140 mm to 175 mm on 
the mask. It is hard to form such pattern on the mask 
using a single window in terms of the mechanical 
20 strength of the membrane film. Also, it is hard to uni- 
formly form a very thin membrane over the area way 
beyond a diameter of 100 mm. For this reason, in this 
embodiment, the reduction ratio of the reduction elec- 
tron optical system 108 is set at 1/2, and the pattern to 
25 be exposed is divided into a plurality of small regions on 
the mask. When the reduction ratio is 1/2, for example, 
one 4G-DRAM chip requires only an area of about 40 
mm x 70 mm on the mask. 

As shown in Fig. 2A. in this embodiment, the mask 
30 is formed by dividing a pattern for one chip into four win- 
dows (small regions). As described above, it is very dif- 
ficult to make up a pattern for one chip using a single 
window in terms of the mechanical strength and posi- 
tional distortion so as to form a circuit pattern on the 
35 very thin membrane film. Also, an exposure region that 
allows irradiation and image formation by one shot of 
electron beams is limited. For these reasons, patterns in 
a plurality of windows having a width of about 10 mm 
are individually exposed to transfer a pattern for one 
40 chip. The interval between the adjacent divided win- 
dows is set at several mm to leave the silicon wafer, and 
the left portions are used as the reinforcement beams to 
assure a high mechanical strength. The arrangement of 
this embodiment is practical since the mask can be pre- 
45 pared by a 4" wafer. 

Fig. 3 is a block diagram showing the arrangement 
of principal part of the electron beam exposure appara- 
tus of this embodiment. The same reference numerals 
in Fig. 3 denote the same parts as in Fig. 1, and a 
so detailed description thereof will be omitted. 

Reference numeral 301 denotes an aperture con- 
trol circuit for controlling the aperture shape of the aper- 
ture board 1 04; 302, a mask stage driving control circuit 
for controlling the movement of the mask stage 106; 
55 303, a first laser interferometer for measuring the posi- 
tion of the mask stage 106 in real time; 309, a second 
laser interferometer for measuring the position of the 
wafer stage 1 16 in real time; 305, a deflection position 
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correction circuit for controlling the position of the pat- 
tern image to be projected onto the wafer 1 1 4 using the 
second interferometer and the position correction 
deflector 112; 304, an aberration control circuit for con- 
trolling the aberration characteristics of the aberration 
correction optical system 107; 306, a magnification con- 
trol circuit for controlling the magnification (reduction 
ratio) of the reduction electron optical system 108; 307, 
an optical characteristic control circuit for controlling the 
rotation lens 1 10 and the focus correction lens 113 that 
adjust the optical characteristics (the focal point position 
and rotation of an image) of the reduction electron opti- 
cal system 1 08; 308, a wafer stage driving control circuit 
for controlling the movement of the wafer stage 116; 
313, a control system for controlling the above-men- 
tioned arrangement; 314, a memory that stores control 
data to be referred to by the control system 313; 31 5, an 
interface; and 316, a CPU for controlling the entire elec- 
tron beam exposure apparatus. 

Fig. 4 is a view for explaining exposure of this 
embodiment. The same reference numerals in Fig. 4 
denote the same parts as in Fig. 1, and a detailed 
description thereof will be omitted. Reference numeral 
201 denotes an aperture of the aperture board 104; 

202, an electron beam irradiation region on the mask; 

203, a device pattern on the wafer; and 204, electron 
beam irradiation regions by wafer scanning. 

Exposure in this embodiment will be described 
below with reference to Figs. 3 and 4. 

Upon reception of an "exposure" command from 
the CPU 316, the control system 313 sets, via the aper- 
ture control circuit 301 , the width (to be referred to as a 
slit width hereinafter) of the aperture 201 of the aperture 
board 104 in the scanning direction (Y-direction), and 
the length (to be referred to as a slit length hereinafter) 
in a direction (X-direction) perpendicular to the scan- 
ning direction. 

Fig. 5 shows an example of the aperture board 104. 
As shown in Fig. 5, the aperture board 104 of this 
embodiment makes the slit width of the arcuated aper- 
ture 201 constant in the longitudinal direction of the 
aperture by setting a blade 503 having an edge that 
inscribes an arc 501, and a blade 504 having an edge 
that circumscribes an arc 502 having the same radius 
as that of the arc 501 so as to be separated by a desired 
distance. On the other hand, the slit length of the aper- 
ture 201 is defined by blades 505 and 506. 

The control system 313 instructs the aperture con- 
trol circuit 301 to control a blade driver 507 and/or a 
blade driver 508 on the basis of information associated 
with the sensitivity of the resist used or the intensity of 
electron beams to be irradiated, thereby adjusting the 
slit width of the arcuated aperture 201 . With this control, 
an optimal exposure amount corresponding to the chip 
size can be set. 

Also, the control system 313 instructs the aperture 
control circuit 301 to control blade drivers 509 and 510 
on the basis of the pattern width upon scanning the 



chip, thereby adjusting the slit length of the arcuated 
aperture 201. 

A case will be examined below wherein the reduc- 
tion ratio of the reduction electron optical system 108 is 
5 set at 1/2, as described above, the pattern width of the 
device chip to be exposed onto the wafer is 20 mm (40 
mm on the mask), and the mask formed by dividing the 
pattern of the device chip into 10-mm wide small 
regions is used. In this case, the control system 313 
w instructs the aperture control circuit 301 to control the 
blade drivers 509 and 510 on the basis of the width (10 
mm) of each small region on the mask, thereby setting 
the slit length of the aperture 201 at 10 mm. 

In this embodiment, the arcs 501 and 502 have a 
15 radius of 8 mm. Needless to say, the radius of the arc is 
set to fall within the range which is smaller than the 
radius of an allowable maximum exposure region of the 
arrangement of the reduction electron optical system 
108, and is larger than 1/2 the width of each scanning 
20 region 401. Note that reference numeral 511 in Fig. 5 
denotes the central line of the scanning direction. 

The control system 301 synchronously moves the 
mask and wafer stages 106 and 1 16 via the mask and 
wafer stage driving control circuits 302 and 308 in the 
25 scanning directions 121 and 122, so that the pattern in 
one of the four small regions formed on the mask 105 
passes above the electron beam irradiation region 202, 
thereby transferring the pattern onto the wafer 1 14 by 
scanning exposure. In this case, the control system 301 
30 detects the positions of the mask and wafer stages 1 06 
and 1 16 using the first and second laser interferometers 
303 and 309 to detect the position deviation from a 
desired positional relationship between the mask and 
wafer stages 106 and 1 16, and corrects the position of 
35 the pattern image to be transferred onto the wafer 1 14 
to a desired position using the position correction 
deflector 112 via the deflection position correction cir- 
cuit 305. Upon completion of transfer of one small 
region, the control system 301 steps the mask and 
40 wafer stages 1 06 and 1 1 6 in directions perpendicular to 
their scanning directions via the mask and wafer stage 
driving control circuits 302 and 308, reverses the scan- 
ning directions, and then scans and exposes the pattern 
in the next small region to transfer it onto a region corre- 
45 sponding to that pattern on the wafer in the same man- 
ner as the previous small region. The small regions are 
sequentially scanned, and upon completion of scanning 
and exposing all the small regions (four exposure 
scans), the device pattern is formed by exposure on the 
50 wafer 114. 

Normally, in the electron beam exposure apparatus, 
the pattern on the mask 105 is registered with and 
transferred by exposure onto a pattern pre-formed on 
the wafer 1 14. In this case, the two patterns must be 
55 registered or aligned with high precision. However, 
since the wafer 114 has already been subjected to the 
pattern formation process, and the wafer itself has 
expanded or shrunk, the registration precision lowers 
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even when the pattern on the mask is transferred by 
exposure in the designed reduction ratio. 

In view of this problem, the control system 313 
acquires the expansion/shrinkage ratio of the wafer 1 1 4 
to be exposed, and adjusts the magnification of the 
reduction electron optical system 108 via the magnifica- 
tion control circuit 307 on the basis of the acquired 
expansion/shrinkage ratio. At the same time, the control 
system 313 changes the setup state of the wafer stage 
driving control circuit 308 to attain a scanning speed of 
the wafer stage 1 1 6 corresponding to the set magnifica- 
tion, and also changes the step moving distance of the 
wafer stage 1 16 on the basis of the set magnification. 

The reduction ratio of this embodiment is 1/2. The 
merit obtained when a small reduction ratio is not set, 
e.g., the reduction ratio is not set at 1/5 or 1/10 is that 
the speed of the mask stage 1 06 does not become high. 
Since the mask stage must be driven in at least two 
orthogonal directions in vacuum, as described above, 
size and weight reductions are limited, and hence, the 
driving speed of the mask stage is limited. 

In estimation of this embodiment, the driving speed 
of the mask stage is the rate-determining factor for the 
throughput. In estimation of this embodiment, the mask 
stage is moved at a speed of 200 mm/sec in the scan- 
ning direction. At this time, the wafer stage moves at 
1 00 mm/sec. Exposure for one chip is done by scanning 
the mask and wafer a total of four times by reciprocally 
moving them twice. In this case, the exposure time is 
1.4 sec (0.35 sec/scan x 4), and the time required for 
reversing the mask and wafer stages is 0.75 sec (about 
0.25 sec x 3). Hence, exposure for one chip can be 
completed in 2.15 sec. 

The reason why the device pattern having a sub- 
stantially rectangular region is divided in its widthwise 
direction (to leave the reinforcement beams in its longi- 
tudinal direction) is to reduce the number of scans. The 
scanning time required for irradiating the beam onto the 
entire surface of the chip remains the same independ- 
ently of the scanning direction, and a time loss is pro- 
duced by reversing the mask and wafer stages in the 
scanning direction (Y-direction) and stepping them in 
the X-direction. Hence, in order to improve the through- 
put, the number of times of reversing must be reduced. 

(Example 2) 

In order to broaden the one-shot exposure region of 
the reduction electron optical system, aberrations must 
be reduced over a broad range as in Example 1. At the 
same time, the intensity of electron beams to be irradi- 
ated within the exposure region must be made uniform. 
In a narrow exposure region as in the prior art, electron 
beams are isotropically expanded, and are partially 
used to make the intensity of the electron beams to be 
irradiated uniform. However, when the exposure region 
is broad, nonuniformity of the intensity of the electron 
beams to be irradiated within the exposure region can- 



not be ignored. 

In this manner, when electron beams within the 
exposure region suffer illuminance nonuniformity, the 
illuminance nonuniformity in the scanning direction can 
5 be ignored by exposure scans, but that in the direction 
perpendicular to the scanning direction cannot be cor- 
rected by the aperture 201 defined by the four blades in 
Example 1 . 

In order to solve this problem, Example 2 uses the 

w arrangement of the aperture board 104 shown in Fig. 
6A. Other arrangements are the same as those in 
Example 1. In this example, aperture blades are made 
up of thin, movable blades which are divided in the 
direction perpendicular to the scanning direction, and 

15 the slit width of the aperture 20 1 can be individually set 
in units of positions in the direction (X-direction) perpen- 
dicular to the scanning direction. In Fig. 6A, reference 
numeral 601 denotes aperture blades; 602, blade driv- 
ers for moving the aperture blades back and forth; and 

20 603, a dotted curve that represents an arc (circle) hav- 
ing the axis of the electron optical system as the center. 
As shown in Fig. 6A, the plurality of strip-shaped mova- 
ble aperture blades 601 and blade drivers 602 are 
arranged, and are set on the two sides of the predeter- 

25 mined arc 603 to be separated by equal distances 
therefrom, thereby forming an aperture 201 having a 
shape approximate to an arc. 

Fig. 6B shows the shape of the aperture formed in 
this example. In Fig. 6A, reference numerals 604 and 

30 605 denote lines separated by equal distances from the 
arc 603 in the scanning direction. When the aperture 
blades are set at positions indicated by the dotted lines 
in Fig. 6A, an aperture having a shape 606 is formed. 
This shape is used when electron beams are free from 

35 any illuminance nonuniformity. In contrast to this, when 
electron beams suffer illuminance nonuniformity, and 
when the aperture blades 601 are set, as indicated by 
the solid lines in Fig. 6A, an aperture having a shape 
607 in Fig. 6B is formed. This setting example of the slit 

40 width of the aperture is suitable for a case wherein the 
beam intensity is high at the central portion and is low at 
the peripheral portion. 

In this manner, since the movable aperture blades 
601 are used, even when electron beams suffer illumi- 
45 nance nonuniformity, a nearly equal exposure amount 
can be set within the irradiation region, and electron 
beams can be used more efficiently. As shown in Fig. 
6A, as the number of divisions of the movable aperture 
blades is larger, illuminance nonuniformity can be 
so removed with higher precision. 

Furthermore, even when electron beams are free 
from any illuminance nonuniformity, if electron beams 
suffer transmittance nonuniformity due to the thickness 
nonuniformity of the mask membrane, in other words, 
55 substantially suffer illuminance nonuniformity, such non- 
uniformity can be similarly removed. 

Also, when four blades at the two ends are set to 
contact each other, as shown in Fig. 6A, the slit length 
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can be adjusted stepwise and, hence, the need for the 
slit length setting blades 505 and 506 in Fig. 5 in Exam- 
ple 1 can be obviated. 

(Example 3) 5 

One characteristic feature of the present invention 
is suppressed current density due to a broad one-shot 
exposure region of the reduction electron optical sys- 
tem. With this feature, image blur caused by the Cou- 10 
lomb effect can be suppressed. The present invention is 
superior to conventional electron beam drawing using a 
point beam or cell (block) pattern transfer exposure in 
this respect as well. 

Even in this method which is greatly advantageous is 
as compared to the conventional methods, the amount 
of electron beams irradiated onto the wafer varies 
depending on the pattern to be transferred. This is 
because the mask always moves above the irradiation 
region extracted by the aperture. In this case, since the 20 
mask pattern density and the ratio of transmission and 
scattering above the irradiation region vary, the amount 
of electron beams irradiated onto the wafer varies, and 
consequently, a total current supplied from the mask 
onto the wafer varies, thus slightly shifting the focal 25 
point position of the reduction electron optical system. 
In this embodiment, information associated with the 
total current of electron beams incident on the wafer is 
acquired, and the focal point position of the reduction 
electron optical system is corrected on the basis of the 30 
information associated with the total current. 

One method of acquiring the information associ- 
ated with the total current is a method of using informa- 
tion of the pattern formed on the mask. That is, if the 
mask pattern density and the ratio of transmission and 35 
scattering above the irradiation region can be detected, 
the total current at that time can be estimated. Hence, 
the focal point position of the reduction electron optical 
system is corrected on the basis of the information of 
the total current estimated from the pattern located 40 
above the irradiation portion. This method will be 
explained below with reference to Fig. 3. 

If the mask position can be detected, the mask pat- 
tern density and the ratio of transmission and scattering 
above the irradiation region can be detected and, 45 
hence, the total current at that time can be estimated. 
For this purpose, the mask position (coordinates) and 
information associated with the corresponding esti- 
mated total current are stored in the memory 314. Upon 
exposure, the control system 313 detects the position of so 
the mask stage 106 using the first laser interferometer 
303, and corrects the focal point position of the reduc- 
tion electron optical system 108 using the focus correc- 
tion lens 1 13 on the basis of the detected mask position 
and the estimated total current corresponding to the ss 
mask position stored in the memory 314. 

Another method of acquiring the information asso- 
ciated with the total current is a method of directly 
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detecting electrons scattered by the mask associated 
with the total current of electron beams incident on the 
wafer. That is, a sensor 111a connected to the scattered 
electron limit aperture 1 1 1 shown in Fig. 1 detects elec- 
trons scattered by the mask, and the control system 313 
corrects the focal point position of the reduction electron 
optical system 108 on the basis of the detected current 
amount as in the above-mentioned method. 

(Example 4) 

It is desirable to expose the widthwise direction of 
one, nearly rectangular device chip in a single scan by 
broadening the irradiation region, but it is very difficult to 
broaden the irradiation region up to such size in prac- 
tice. As described above, in many cases, one device 
pattern must be exposed by performing a plurality of 
scans while stepping in a direction perpendicular to the 
scanning direction using the limited irradiation region. A 
problem posed in this case is stitching precision of pat- 
terns upon forming one device pattern. In the above- 
mentioned example, since one device pattern is formed 
by four scans, three stitching lines are formed. At this 
time, if the scanning position shifts albeit slightly, prob- 
lems such as overexposure, disconnection (in the worst 
case), and the like are posed. It is very hard to attain 
scanning control that maintains a precision of 1/100 to 
1/1 ,000 urn in stitching patterns. 

In this example, as a method of reliably stitching 
patterns, the portions to be stitched are overlap- 
exposed. Since the exposure method of the present 
invention uses scanning exposure, the irradiation 
amount can be controlled by the slit width of the aper- 
ture. For this purpose, the area of the portion to be over- 
lap-exposed for stitching patterns is set to be smaller 
(simply speaking, 1/2) than that of other portions to be 
exposed, thus preventing the exposure amount of the 
exposure region subjected to overlap exposure from 
becoming excessive, and avoiding the worst case such 
as disconnection even when the patterns to be stitched 
shift slightly. 

Fig. 7A shows the shape of the aperture 201 that 
determines the irradiation region of this embodiment. 
Reference numerals 503 and 504 denote movable 
blades that define the slit width; and 505 and 506, mov- 
able blades that define the slit length. En this case, the 
movable blades 505 and 506 have tilt with respect to the 
scanning direction (Y-direction). (Reference numeral 
51 1 denotes the central line in the scanning direction.) 
With these blades, the slit width becomes gradually 
smaller toward one end in the scanning direction. 
Assuming that the width to be overlap-exposed for 
stitching patterns on the wafer is 5 nm and the slit width 
is 100 urn, the tilt of the blades 505 and 506 is 0.05 rad. 
In this arrangement, the length of the irradiation region 
formed by the aperture is 1 0.01 mm (1 0 mm (slit length) 
+ 2 x 5 ^m (overlapping width)). The mask must have a 
structure corresponding to the irradiation region. As 



8 



15 EP0838I 

described above, since the divided patterns of one 
device pattern are formed in four regions, each of the 
divided patterns must partially overlap the neighboring 
patterns. In this example, a 5-u.m wide overlapping 
region must be assured, and each of four windows on 5 
the mask must have at least a size of 10.01 mm x 70 
mm. Furthermore, when the mask has a relatively large 
region for overlap exposure with a margin, the region to 
be overlap-exposed can be appropriately selected in 
correspondence with the resolution or design value of w 
the device pattern and the performance of the electron 
beam exposure apparatus. 

Reference numeral 701 denotes an exposure 
amount distribution in the direction of the slit length of 
this example; and 702, an overlapping region to be is 
overlap-exposed. As described above, the structure 
having a slit width of the aperture in the region to be 
overlap-exposed, which becomes gradually smaller, 
forms a distribution in which the exposure amount grad- 
ually decreases at the two ends of the exposure region 20 
upon scanning. Fig. 7B shows the exposure amount 
distribution upon overlap exposure of this example. In 
Fig. 7B, a dotted line 703 represents the exposure 
amount distribution in the direction of the slit length in a 
certain scan, a dotted line 704 represents the exposure 25 
amount distribution in that direction in the next scan, 
and a solid line 705 represents the sum of these expo- 
sure amount distributions. As indicated by the solid line 
705, since the exposure amount gradually changes at 
the overlapping portion of the distributions 703 and 704, 30 
an optimal exposure amount is obtained as a whole. 
Since the exposure amount gradually changes, even 
when the overlapping portion shifts with respect to the 
transfer line width within an allowable range, the expo- 
sure amount never drifts largely. In this manner, this 35 
example can solve the problem posed upon stitching 
patterns, and transfer can be satisfactorily realized even 
when the stepping method is used. 

(Second Embodiment) 40 

(Example 1) 

Fig. 1 2 shows the arrangement of an electron beam 
exposure apparatus of the present invention. Light 2 45 
coming from a light source that emits light (g-line, Mine, 
or excimer light) or a secondary light source 1 enters an 
aperture board 4 via an illumination optical system 3. 
The detailed arrangement of the aperture board 4 will 
be described later. The aperture board 4 has an arcu- so 
ated aperture, extracts light into an arcuated region 
(which is sandwiched between two arcs having, as the 
center, an optical axis AX common to a projection opti- 
cal system PL and a reduction electron optical system 
8; to be described later) using the aperture, and guides 55 
the extracted light toward a mask 5 formed with a pat- 
tern defined by light transmission portions and light 
shielding portions. The mask 5 is placed on a mask 
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stage 6 which is movable in at least in the X- and Y- 
directions. 

The mask 5 is illuminated with the light having the 
arcuated illumination region, and a pattern image on the 
masks is projected onto a photoelectric conversion sur- 
face PE via the projection optical system PL. The photo- 
electric conversion surface PE is prepared by forming a 
photoelectric conversion material that emits electrons 
upon reception of light on the surface of an optical trans- 
parent member S, and emits electron beams corre- 
sponding to the pattern image on the mask 5. The 
photoelectric conversion surface PE and the optical 
transparent member S make up a photoelectric conver- 
sion member. The photoelectric conversion member 
emits electron beams corresponding to the pattern 
image on the mask 5. Since the conversion efficiency of 
the photoelectric conversion surface PE as the ratio of 
the converted electron amount to the incident light 
amount deteriorates over time, a driving system 23 for 
rotating (moving) or vibrating the photoelectric conver- 
sion member for preventing light from being irradiated 
onto an identical region on the photoelectric conversion 
surface is connected to the photoelectric conversion 
member. Furthermore, in consideration of the service 
life of the photoelectric conversion member, a load/lock 
function is preferably provided, so that the photoelectric 
conversion member can be exchanged. 

The optical transparent member S preferably uses 
a material with a high refractive index. When a glass 
substrate with a high refractive index is used, the NA 
( NA = ne ) increases, and the resolution of the pattern 
image formed on the photoelectric conversion surface 
can be improved. 

Electron beams coming from the arcuated region 
(which is sandwiched between two arcs having, as the 
center, the optical axis AX of the reduction electron opti- 
cal system 8; to be described later) on the photoelectric 
conversion surface PE are accelerated by an accelera- 
tion electrode AE (acceleration voltage V0), and are 
imaged on a wafer 14 via the reduction electron optical 
system 8 made up of electron lenses 8A and 8B. In this 
case, the electron beams are imaged on the wafer 14 
via an aberration correction optical system 7 that cor- 
rects any aberrations (especially, astigmatism) pro- 
duced when the electron beams pass through the 
reduction electron optical system. The aberration cor- 
rection optical system 7 comprises a unipotential lens 
made up of three electrodes (EL1, EL2, and EL3) each 
having an arcuated aperture 7a which is sandwiched 
between two arcs having the optical axis of the reduc- 
tion electron optical system 8 as the center as in the 
aperture board 4, and does not shield electron beams 
coming from the photoelectric conversion surface PE, 
as shown in Fig. 13. The electrodes EL1 and EL3 are 
set at the same potential (V0) as that of the acceleration 
electrode AE, and the electrode EL2 is set at a potential 
V1 different from V0. As a result, the aberration correc- 
tion optical system 7 makes up an electron lens that 
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gives different divergent or convergent effects in the tan- 
gential and radius vector directions of the arcuated 
aperture, i.e., has different focal lengths in the tangential 
and radius vector directions of the arcuated aperture. In 
this embodiment, since the aberration correction optical 
system 7 is separated from the photoelectric conversion 
surface PE, the acceleration electrode AE is required. 
Alternatively, when the aberration correction optical sys- 
tem 7 is arranged in the vicinity of the photoelectric con- 
version surface PE, the electrode EL1 of the 
unipotential lens can also serve as the acceleration 
electrode AE, and the need for the acceleration elec- 
trode AE can be obviated. That is, the aberration correc- 
tion optical system 7 can also serve as the acceleration 
electrode AE. 

Reference numeral 10 denotes a rotation lens for 
rotating a pattern image formed by electron beams to be 
projected onto the wafer 14 and coming from the photo- 
electric conversion surface PE; 11, an angle limit aper- 
ture that limits the divergence angle of electron beams 
from the photoelectric conversion surface PE; 12, a 
position correction deflector for correcting the position 
of a pattern image formed by electron beams to be pro- 
jected onto the wafer 14 and coming from the photoe- 
lectric conversion surface PE; and 13, a focus 
correction lens for correcting the focal point of the 
reduction electron optical system 8. 

Reference numeral 15 denotes a wafer chuck that 
carries the wafer 14; and 16, a wafer stage which car- 
ries the wafer chuck, and is movable in the X- and Y- 
directions and a rotation direction in the X-Y plane. 

In the above-mentioned arrangement, when the 
mask 5 and wafer 14 are synchronously moved at 
speeds corresponding to the synthesized reduction 
ratio of the projection optical system PL and reduction 
electron optical system 8 respectively in the directions 
of arrows 21 and 22, the pattern of the arcuated region 
on the mask 5 is sequentially transferred by exposure 
onto the wafer 14. . 

Note that a portion surrounded by a frame VC in 
Fig. 12 is set in a high-vacuum chamber, and light com- 
ing from the projection optical system PL is guided onto 
the photoelectric conversion surface PE in the vacuum 
chamber via seal glass SG. 

Fig. 14 is a block diagram showing the arrangement 
of principal part of the electron beam exposure appara- 
tus of this embodiment. The same reference numerals 
in Fig. 14 denote the same parts as in Fig. 12, and a 
detailed description thereof will be omitted. 

Reference numeral 31 denotes a control circuit for 
controlling the aperture shape of the aperture board 4; 
32 a mask stage driving control circuit for controlling 
the movement of the mask stage 6; 33, a f irst laser inter- 
ferometer for measuring the position of the mask stage 
6 in real time; 34, an aberration control circuit for con- 
trolling the aberration characteristics of the aberration 
correction optical system 7; 35. a deflection position 
correction circuit for controlling the position of a pattern 



image to be projected onto the wafer 14 using the posi- 
tion correction deflector 12; 36, a magnification control 
circuit for controlling the magnification (reduction ratio) 
of the reduction electron optical system 8; 37, an optical 
5 characteristic control circuit for controlling the rotation 
lens 10 and the focus correction lens 13 to adjust the 
optical characteristics (focal point position, rotation of 
an image) of the reduction electron optical system 8; 38, 
a wafer stage driving control circuit for controlling the 
10 movement of the wafer stage 16; 39, a second laser 
interferometer for measuring the position of the wafer 
stage 16 in real time; 40, a control system for controlling 
the above-mentioned arrangement; 41, a memory that 
stores control data of the control system 40; 42, an 
15 interlace; and 43, a CPU for controlling the entire elec- 
tron beam exposure apparatus. 

Exposure in this embodiment will be explained 
below with reference to Fig. 14. 

Upon reception of an "exposure" command from 
20 the CPU 43, the control system 40 sets, via the aperture 
control circuit 31 , the width (slit width) of an aperture 4a 
of the aperture board 4 in the scanning direction (X- 
direction), and the length (slit length) in a direction (Y- 
direction) perpendicular to the scanning direction. 
25 Fig. 1 5 shows an example of the aperture board 4. 
As shown in Fig. 15, the aperture board with this 
arrangement makes the slit width of the arcuated aper- 
ture 4a constant in the longitudinal direction of the aper- 
ture by setting a blade 53 having an edge that inscribes 
30 an arc 51 , and a blade 54 having an edge that circum- 
scribes an arc 52 having the same radius as that of the 
arc 51 so as to be separated by a desired distance. Fur- 
thermore, at least one of these blades 53 and 54 is mov- 
able and the control system 40 instructs the aperture 
35 control circuit 31 to adjust the slit width of the arcuated 
aperture 4a on the basis of information associated with 
the sensitivity of the resist used or the intensity of elec- 
tron beams to be irradiated, thereby setting an optimal 
exposure amount. Also, as shown in Fig. 15, by adjust- 
40 ing the interval between blades 55 and 56, an optimal 
slit length of the arcuated aperture 4a can be set in cor- 
respondence with the chip size. In Fig. 15, reference 
numerals 57 to 60 denote drivers for the blades 53 to 
56 respectively, which drivers are controlled by the 
45 aperture control circuit 31 . Note that SD is the central 
line in the scanning direction. 

Note that the aperture board 4 may use the 
arrangements described in the first embodiment. 

Fig. 16 is an enlarged view of the arcuated expo- 
so sure region formed on the wafer due to the aperture 4a. 
Sx indicates the width of the arcuated exposure region 
in the scanning direction, and Sy indicates the length of 
the arcuated exposure region in the direction perpendic- 
ular to the scanning direction. 
55 In this embodiment, by adjusting the aperture 4a, 
Sx can be set within the range from 0.1 mm to 1 mm, 
and Sy can be set within the range from 1 mm to 6 mm. 
The control system 40 synchronously moves the 



10 



19 



EP 0 838 837 A2 



20 



mask and wafer stages 6 and 1 6 via the mask and wafer 
stage drrving control circuits 32 and 38 in the scanning 
directions 21 and 22. so that the pattern in one of the 
four small regions obtained by dividing the pattern 
formed on the mask 5 passes above an irradiat on 5 
Son defined by the aperture 4a, thereby transferring 
the pattern onto the wafer 14 by scanning exposure^ \n 
his case, the control system 40 detects the positions of 
he mask and wafer stages 6 and 16 using the first and 
second laser interferometers 33 and 39 to detect the 10 
position deviation from a desired positional rtfatonafe 
between the mask and wafer stages 6 and 16. and cor- 
rects the position of the pattern image to be transferred 
onto the wafer 14 to a desired position us.ng the pos.- 
L correction deflector 12 via the def ection posrt.on „ 
correction circuit 35. Upon completion of transfer of one 
small region, the control system 40 steps the mask and 
wafer stages 6 and 16 in directions perpendicular to 
Sr scanning directions via the mask and wafer stage 
driving control circuits 32 and 38. 20 
directions, and then scans and exposes the pattern in 
the next small region to transfer it onto a region corre- 
soonding to that pattern on the wafer in the same man- 
n« as the previous small region. The small regions are 
sequentially scanned, and upon completion of scanning 25 
and exposing all the small regions, the device pattern is 
formed by exposure on the wafer 1 4. 

Fig 17 shows the exposure scan route at that time. 
For examDle the exposure scan route for a 20 x 35 
(IS will be eZined below. The length Sy of the so 
arcuated exposure region on the wafer 14 is set at 5 
mm. In this case, the number of scan times is 20/5 -4. 
Assuming that the position indicated by an arc a in F.g_ 
17 is an exposure start position, the wafer and mask 
stages 16and 6 are scanned from that portion in a * 
direction Cx, and upon completion of the Inst scan, the 
two stages 6 and 16 are moved in a direction Cy (the 
direction perpendicular to the scanning direction by 5 
mm on the wafer and by 20 mm on the mask to locate 
the two stages at the start position of the second scan. « 
The stages 6 and 16 are scanned in the direction oppo- 
site to that in the f irst scan. By repeating this operation 
exposure for one chip is completed in a total of two 

reciprocal scans. 

Normally, in the electron beam exposure apparatus, « 
the pattern on the mask 5 is registered with and trans- 
ferred by exposure onto a pattern pre-formed or ithe 
wafer 14. In this case, the two patterns must be regis- 
tered with high precision. However, since the wafer -14 
has already been subjected to the pattern formation 50 
process, and the wafer rtself has expanded or shrunk^ 
the registration precision lowers even when the pattern 
on themask is exposed in the designed reduction ratia 
In view of this problem, the control system 40 
acquires the expansion/shrinkage ratio of the wafer 14 55 
to be exposed, and adjusts the magnification of the 
reductionelectron optical system 8 via the magnification 
control circuit 36 on the basis of the acquired expan- 



sion/shrinkage ratio. At the same time, the control sys- 
tem 40 changes the setup state of the wafer stage 
driving control circuit 38 to attain a scanning speed of 
the wafer stage 16 corresponding to the set magn .ca- 
tion and also changes the step moving distance of the 
wafer stage 16 on the basis of the set magnification. 



(Example 2) 

Even in this method which is greatly advantageous 
as compared to the conventional methods, the amount 
o, electron beams irradiated onto the wafer var,es 
depending on the pattern to be transferred. The is 
because the mask 5 always moves above the irradiation 
region extracted by the aperture. In this case, since the 
mask pattern density above the irradiation region vanes 
^amount of electron beams irradiated onto thewafer 
varies, and consequently, the total current supplied from 
the photoelectric conversion surface PE onto the wafe 
14 varies, thus slightly shifting the focal point position of 
the reduction electron optical system. In the example 
information associated with the total current of electron 
beams incident on the wafer is acquired, and the focal 
point position of the reduction electron optical system is 
Corrected on the basis of the information associated 
with the total current. 

One method of acquiring the information associ- 
ated with the total current is a method of using i informa- 
tion of the pattern formed on the mask 5. That is, if the 
mask pattern density above the irradiation region can 
be detected, the total current at that time can be esti- 
mated. Hence, the focal point position of the reduction 
electron optical system is corrected on the basis of the 
information of the total current estimated from the pa - 
tern located above the irradiation portion. This embodi- 
ment will be explained below with reference to Fig. 14. 

If the position of the mask 5 can be detected, the 
mask pattern densrty above the irradiation^ region can 
be detected and. hence, the total current at that time 
can be estimated. For this purpose, the position of the 
maskSand information associated with the correspond- 
ing estimated total current are stored in the memory 41. 
Upon exposure, the control system 40 detects the pos.- 
fon of the mask stage 6 using the first laser interferom- 
eter 33 and corrects the focal point position of the 
reduction electron optical system 8 using the focus cor- 
rection lens 13 on the basis of the detected posrt.on of 
the mask 5 and the estimated total current copend- 
ing to the position of the mask 5 stored in the memory 

41 Another method of acquiring the information asso- 
ciated with the total current is a method of directly 
detecting electrons emitted by the photoelectric corro- 
sion surface PE associated with the total current of elec- 
tron beams incident on the wafer. That is, a sensor 11 a 
connected to the angle limit aperture 11 shown in F,g 
?2 dirStly detects electrons shielded by the angle limit 
aperture 11 of those emitted by the photoelectric con- 
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version surface PE, and the control system 40 corrects 
the focal point position of the reduction electron optical 
system 8 on the basis of the detected current amount as 
in the above-mentioned method. 

(Example 3) 



It is desirable to expose the widthwise direction of 
one, nearly rectangular device chip in a single scan by 
broadening the exposure region, but it is very difficult to 
broaden the exposure region up to such size in practice. 
As described above, in many cases, one device pattern 
must be exposed by performing a plurality of scans 
while stepping in a direction perpendicular to the scan- 
ning direction using the limited irradiation region. A 
problem posed in this case is stitching precision of pat- 
terns upon forming one device pattern. In the above- 
mentioned example, since one device pattern is formed 
by four scans, three stitching lines are formed. At this 
time, if the scanning position shifts albeit slightly, prob- 
lems such as overexposure, disconnection (in the worst 
case), and the like are posed. It is very hard to attain 
scanning control that maintains a precision of 1/100 to 
1/1 ,000 *im in stitching patterns. 

In this example, as a method of reliably stitching 
patterns, the portions to be stitched are overlap- 
exposed. Since the exposure method of the present 
invention uses scanning exposure, the irradiation 
amount can be controlled by the slit width of the aper- 
ture. For this purpose, the area of the portion to be over- 
lap-exposed for stitching patterns is set to be smaller 
(simply speaking, 1/2) than that of other portions to be 
exposed, thus preventing the exposure amount of the 
exposure region subjected to overlap exposure from 
becoming excessive, and avoiding the worst case such 
as disconnection even when the patterns to be stitched 
shift slightly. 

Fig. 18A shows the shape of the aperture 4a that 
determines the irradiation region of this embodiment 
Reference numerals 53 and 54 denote movable blades 
that define the slit width; and 55 and 56, movable blades 
that define the slit length. In this case, the movable 
blades 55 and 56 have tilt with respect to the scanning 
direction (Y-direction). (SD indicates the central line in 
the scanning direction.) With these blades, the slit width 
becomes gradually smaller toward one end in the scan- 
ning direction. Assuming that the width to be overlap- 
exposed for stitching patterns on the wafer is 5 um and 
the width Sx of the arcuated exposure region in the 
scanning direction is 100 pm, the tilt of each blade is 
0.05 rad. In this arrangement, the length Sy of the arcu- 
ated exposure region, formed by the aperture 4a, in the 
direction perpendicular to the scanning direction is 
10.01 mm. When the device pattern on the mask 5 is 
divided into four small regions and each of these small 
regions is illuminated, for example, 5-^m wide regions 
that allow overlap illumination are assured at the two 
side of each small region, thus selecting the region to be 



overlap-exposed in accordance with the minimum line 
width of the device pattern. 

Reference numeral 71 denotes an exposure 
amount distribution of the arcuated exposure region of 
s this example in a direction perpendicular to the scan- 
ning direction; and 72, an overlap illumination region to 
be overlap-exposed. As described above, the structure 
having a slit width of the aperture in the region to be 
overlap-exposed, which becomes gradually smaller, 
10 forms a distribution in which the exposure amount grad- 
ually decreases at the two ends of the exposure region 
upon scanning. Fig. 18B shows the exposure amount 
distribution upon overlap exposure of this example. In 
Fig. 18B, a dotted line 73 represents the exposure 
is amount distribution in the direction of the slit length in a 
certain scan, a dotted line 74 represents the exposure 
amount distribution in that direction in the next scan, 
and a solid line 75 represents the sum of these expo- 
sure amount distributions. As indicated by the solid line 
20 75, since the exposure amount gradually changes at the 
overlapping portion of the distributions 73 and 74, an 
optimal exposure amount is obtained as a whole. Since 
the exposure amount gradually changes, even when the 
overlapping portion shifts with respect to the transfer 
25 line width within an allowable range, the exposure 
amount never drifts largely. In this manner, this example 
can solve the problem posed upon stitching patterns, 
and transfer can be satisfactorily realized even when the 
stepping method is used. 

30 

(Third Embodiment) 



Fig. 1 9 shows the arrangement of an electron beam 
exposure apparatus of the present invention. Reference 
35 symbol IL denotes an electron beam illumination appa- 
ratus for illuminating a mask 1005 formed with a pattern 
defined by electron beam transmission and shielding 
portions with electron beams in an arcuated illumination 
region sandwiched by two arcs having, as the center, an 
40 optical axis AX of a reduction electron optical system 
1008 (to be described later). 

The electron beam illumination apparatus IL will be 
described in detail below with reference to Fig. 20. 
Reference numeral 1001 denotes an electron gun 
45 as a so-called light source for emitting electron beams. 
Divergent electron beams emitted by the electron gun 
1001 are converged by an electron lens 1003 as an 
electron optical system to be converted into electron 
beams nearly parallel to the optical axis AX. An optical 
so axis AX' of the electron lens 1003 decenters from the 
optical axis AX of the reduction electron optical system 
1008, and the electron gun 1001 is located on the opti- 
cal axis AX' of the electron lens 1003. 

The electron beams nearly parallel to the optical 
55 axis AX pass through a first deflector DEF1 having two 
cylindrical surface electrodes (EP11 and EP12) having, 
as the center, the optical axis AX of the reduction elec- 
tron optical system 1008, and are deflected in a radial 
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direction having, as the center, the optical axis AX of the 
reduction electron optical system 1008. Then, the elec- 
tron beams pass through a second deflector DEF2 hav- 
ing two cylindrical surface electrodes (EP21 and EP22) 
having, as the center, the optical axis AX of the reduc- 
tion electron optical system 1 008 as in the first deflector 
DEF1 and are deflected in a radial direction opposite to 
that of the first deflector DEF1. More specifically, the 
second deflector DEF2 applies an electric field to the 
optical axis AX of the reduction electron optical system 
1008 in a direction opposite to that of the first deflector 
DEF1. 

The electron beams deflected by the second 
deflector DEF2 become those nearly parallel to the opti- 
cal axis AX of the reduction optical system 1008, and 
illuminate an aperture board 1004 that defines an illumi- 
nation region of a mask 1005. The aperture board 1004 
will be described in detail later. 

At this time, the electron beams have a circular 
intensity distribution DA in Fig. 21 A in a section indi- 
cated by an arrow A in Fig. 20. When the electron 
beams pass through the first deflector DEF1 and are 
deflected in the radial direction having, as the center, 
the optical axis AX of the reduction electron optical sys- 
tem 1008, they have an intensity distribution DB in Fig. 
21 A, which have a crescent-like shape having, as the 
center, the optical axis of the reduction electron optical 
system 1008 in a section indicated by an arrow B in Fig. 
20. Furthermore, when the electron beams pass 
through the second deflector DEF2 and are deflected in 
the radial direction opposite to the first deflector DEF1, 
they have an intensity distribution DC nearly equal to 
the distribution DB in Fig. 21 A in a section indicated by 
an arrow C in Fig. 20, and become those nearly parallel 
to the optical axis AX of the reduction electron optical 
system 1008. 

The electron beams with the crescent-like intensity 
distribution are extracted into a desired arcuated shape 
(an arcuated region sandwiched between two arcs hav- 
ing, as the center, the optical axis AX of the reduction 
electron optical system 1008) by an aperture AP of the 
aperture board 1004, as shown in Fig. 21 B. Since the 
electron beams originally have a crescent-like intensity 
distribution near an arc, electron beams from the elec- 
tron gun 1001 can be efficiently used when they are 
converted into desired arcuated electron beams. 

The electron beams having acquired a desired 
arcuated intensity distribution via the aperture AP are 
imaged on the mask 1005 by a projection electron opti- 
cal system PL, and illuminate an arcuated region sand- 
wiched between two arcs having, as the center, the 
optical axis AX of the reduction electron optical system 
1008. That is. the aperture board 1004 and the mask 
1005 are set at electrooptically conjugate positions via 
the projection electron optical system PL 

The mask 1005 may use either a scattering type 
mask which has a scattering member pattern for scat- 
tering electron beams on a membrane that transmits the 



electron beams, or a stencil type mask prepared by 
forming a pattern aperture in a membrane that shields 
or attenuates the electron beams. This embodiment 
uses the scattering type mask The mask 1005 is 
5 placed on a mask stage 1 006 which is movable at least 
in the X- and Y-directions. 

When the electron beams illumination apparatus IL 
illuminates the arcuated region on the mask 1005, elec- 
tron beams coming from the arcuated region are 
10 imaged on a wafer 1014 via the reduction electron opti- 
cal system 1008 made up of electron lenses 1008A and 
1008B. In this case, the electron beams are imaged on 
the wafer 1014 via an aberration correction optical sys- 
tem 1007 that corrects any aberrations (especially, 
75 astigmatism) produced when the electron beams pass 
through the reduction electron optical system 1008. The 
aberration correction optical system 1007 comprises a 
unipotential lens made up of three electrodes (EL1, 
EL2, and EL3) each having an arcuated aperture which 
20 is sandwiched between two arcs having the optical axis 
AX of the reduction electron optical system 1008 as the 
center as in the aperture board 1004, and does not 
shield electron beams coming from the mask 1005, as 
shown in Fig. 22. The electrodes EL1 and EL3 are set at 
25 the same potential (V0) as that of an acceleration elec- 
trode AE, and the electrode EL2 is set at a potential V1 
different from V0. As a result, the aberration correction 
optical system 1007 makes up an electron lens that 
gives different divergent or convergent effects in the tan- 
30 gential and radius vector directions of the arcuated 
aperture, i.e., has different focal lengths in the tangential 
and radius vector directions of the arcuated aperture. 

This embodiment adopts a unipotential lens made 
up of three electrodes, but may adopt an electron lens 
35 made up of a single electrode having an arcuated aper- 
ture. That is, the potential of the electrode is set to 
accelerate or decelerate electron beams coming from 
the mask 1005, thus giving different divergent or con- 
vergent effects in the tangential and radial vector direc- 
40 tions of the arcuated aperture. 

Reference numeral 1010 denotes a rotation lens for 
rotating a pattern image on the mask 1005 to be pro- 
jected onto the wafer 1014; 1011, a scattered electron 
limit aperture that shields electron beams transmitted 
45 through and scattered by the scattering member of the 
mask 1005 and transmits electron beams transmitted 
through a portion without any scattering member; 1012, 
a position correction deflector for correcting the position 
of a pattern image on the electron beam mask 1005 to 
so be projected onto the wafer 1014; and 1013, a focus 
correction lens for correcting the focal point of the 
reduction electron optical system 1008. 

Reference numeral 1015 denotes a wafer chuck 
that carries the wafer 1014; and 1016, a wafer stage 
55 which carries the wafer chuck, and is movable in the X- 
and Y-directions and a rotation direction in the X-Y 
plane. 

In the above-mentioned arrangement, when the 
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mask 1005 and wafer 1014 are synchronously moved at 
speeds corresponding to the reduction ratio of the 
reduction electron optical system 1008 respectively in 
the directions of arrows 1021 and 1022, the pattern of 
the arcuated region on the mask 1005 is sequentially 
transferred by exposure onto the wafer 1014. 

Fig 23 is a block diagram showing the arrangement 
of principal part of the electron beam exposure appara- 
tus of this embodiment. The same reference numerals 
in Fig. 23 denote the same parts as in Figs. 19 and 20. 
and a detailed description thereof will be omitted. 

Reference numeral 1030 denotes an illumination 
distribution control circuit for adjusting the intensity dis- 
tribution of electron beams on the aperture board 1004 
by controlling the deflection amounts of the first and 
second deflectors of the electron beam illumination 
apparatus IL; 1031. a control circuit for controlling, the 
aperture shape of the aperture board 1004; 1032 a 
mask stage driving control circuit for controlling the 
movement of the mask stage 1006; 1033. a first laser 
interferometer for measuring the position of a mask 
stage 1006 in real time; 1034, an aberration control cir- 
cuit for controlling the aberration characteristics of the 
aberration correction optical system 1007; 1035, a 
deflection position correction circuit for controlling the 
position of a pattern image to be projected onto the 
wafer 1014 using the position correction deflector 1012; 
1036 a magnification control circuit for controlling the 
reduction ratio of the reduction electron optical system 
1008' 1037. an optical characteristic control circuit for 
controlling the rotation lens 1010 and the focus correc- 
tion lens 1013 to adjust the optical characteristics (focal 
point position, rotation of an image) of the reduction 
electron optical system 1008; 1038. a wafer stage driv- 
ing control circuit for controlling the movement of the 
wafer stage 1016; 1039, a second laser interferometer 
for measuring the position of the wafer stage 1016 in 
real time; 1040, a control system for controlling the 
above-mentioned arrangement; 1041, a memory that 
stores control data of the control system 1040; 1042, an 
interface; and 1043. a CPU for controlling the entire 
electron beam exposure apparatus. 

Exposure in this embodiment will be explained 
below with reference to Fig. 23. 

Upon reception of an "exposure" command from 
the CPU 1043, the control system 1040 sets, via the 
aperture control circuit 1031 . the width (slit width) of an 
aperture of the aperture board 1004 in the scanning 
direction (X-direction), and the length (slit length) in a 
direction (Y-direction) perpendicular to the scanning 
direction. 

Fig. 24 shows an example of the aperture board 
1004 As shown in Fig. 24. the aperture board of this 
embodiment makes the slit width of the arcuated aper- 
ture AP constant in the longitudinal direction of the aper- 
ture by setting a blade 1053 having an edge that 
inscribes an arc 1 051 . and a blade 1 054 having an edge 
that circumscribes an arc 1052 having the same radius 



as that of the arc 1051 so as to be separated by a 
desired distance. Furthermore, at least one of these 
blades 1053 and 1054 is movable, and the control sys- 
tem 1040 instructs the aperture control circuit 1031 to 
s adjust the slit width of the arcuated aperture on the 
basis of information associated with the sensitivity of the 
resist used or the intensity of electron beams to be con- 
verted, thereby setting an optimal exposure amount 
Also as shown in Fig. 24. by adjusting the interval 
, 0 between blades 1055 and 1056. an optimal slit length of 
the arcuated aperture AP can be set in correspondence 
with the chip size. In Fig. 24. reference numerals 1057 
to 1060 denote drivers for the blades 1053 to 1056. 
respectively, which drivers are controlled by the aper- 
J5 ture control circuit 1031 . Note that SD is the central line 
in the scanning direction. 

Together with the adjustment of the shape of the 
aperture AP, the deflection amounts of the first and sec- 
ond deflectors (DEF1 and DEF2) are controlled by the 
20 illumination distribution control circuit 1030 to adjust the 
intensity distribution of electron beams that illuminate 
the aperture board 1004. 

Fig 25 is an enlarged view of the arcuated expo- 
sure region formed on the wafer due to the aperture 
2s board 1004. Sx indicates the width of the arcuated 
exposure region in the scanning direction, and Sy indi- 
cates the length of the arcuated exposure region in the 
direction perpendicular to the scanning direction. 

In this embodiment, by adjusting the aperture AP of 
30 the aperture board 1 004. Sx can be set within the range 
from 0.1 mm to 1 mm, and Sy can be set within the 
range from 1 mm to 6 mm. 

The control system 1040 synchronously moves the 
mask and wafer stages 1006 and 1016 via the mask 
35 and wafer stage driving control circuits 1032 and 1038 
in the scanning directions 1021 and 1022. so that the 
pattern in one of the four small regions obtained by 
dividing the pattern formed on the mask 1005 passes 
above an illumination region defined by the aperture AP, 
40 thereby transferring the pattern onto the wafer 1014 by 
scanning exposure. In this case, the control system 
1040 detects the positions of the mask and wafer 
stages 1006 and 1016 using the first and second laser 
interferometers 1033 and 1039 to detect the position 
45 deviation from a desired positional relationship between 
the mask and wafer stages 1006 and 1016. and cor- 
rects the position of the pattern image to be transferred 
onto the wafer 101 4 to a desired position using the posi- 
tion correction deflector 101 2 via the deflection position 
so correction circuit 1035. Upon completion of transfer of 
one small region, the control system 1040 steps the 
mask and wafer stages 1006 and 1016 in directions per- 
pendicular to their scanning directions via the mask and 
wafer stage driving-control circuits 1032 and 1038, 
55 reverses the scanning directions, and then scans and 
exposes the pattern in the next small region to transfer 
it onto a region corresponding to that pattern on the 
wafer in the same manner as the previous small region. 
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The small regions are sequentially scanned, and 
upon completion of scanning and exposing all the small 
regions, the device pattern is formed by exposure on the 
wafer 1014. 

Fig. 26 shows the exposure scan route at that time, s 
For example, the exposure scan route for a 20 x 35 
(mm) chip will be examined below. The length Sy of the 
arcuated exposure region on the wafer 1014 is set at 5 
mm. In this case, the number of scan times is 20/5 = 4. 
Assuming that the position indicated by an arc a in Fig. 10 
26 is an exposure start position, the wafer and mask 
stages 1016 and 1006 are scanned from that position in 
a direction Cx, and upon completion of the first scan, the 
two stages 1006 and 1016 are moved in a direction Cy 
(the direction perpendicular to the scanning direction) is 
by 5 mm on the wafer and by 20 mm on the mask to 
locate the two stages at the start position of the second 
scan. The stages 6 and 16 are scanned in the direction 
opposite to that in the first scan. By repeating this oper- 
ation, exposure for one chip is completed in a total of 20 
two reciprocal scans. 

Normally, in the electron beam exposure apparatus, 
the pattern on the mask 1005 is registered with and 
transferred by exposure onto a pattern pre-formed on 
the wafer 1014. In this case, the two patterns must be 25 
registered with high precision. However, since the wafer 
1014 has already been subjected to the pattern forma- 
tion process, and the wafer itself has expanded or 
shrunk, the registration precision lowers even when the 
pattern on the mask is exposed in the designed reduc- 30 
tion ratio. In view of this problem, the control system 
1040 acquires the expansion/shrinkage ratio of the 
wafer 1014 to be exposed, and adjusts the magnifica- 
tion of the reduction electron optical system 1008 via 
the magnification control circuit 1036 on the basis of the 35 
acquired expansion/shrinkage ratio. At the same time, 
the control system 1040 changes the setup state of the 
wafer stage driving control circuit 1038 to attain a scan- 
ning speed of the wafer stage 1016 corresponding to 
the set magnification, and also changes the step mov- 40 
ing distance of the wafer stage 1016 on the basis of the 
set magnification. 



(Embodiment of Device Fabrication) 
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An embodiment of a method of fabricating semicon- 
ductor devices using the above-mentioned electron 
beam exposure apparatus will be described below. Fig. 
10 shows the flow in the manufacture of a microdevice 
(semiconductor chips such as ICs, LSIs, liquid crystal so 
devices, thin film magnetic heads, micromachines, and 
the like). In step 1 (circuit design), the circuit design of a 
semiconductor device is made. In step 2 (manufacture 
mask), a mask formed with a designed circuit pattern is 
manufactured. In step 3 (fabricate wafer), a wafer is fab- 55 
ricated using materials such as silicon and the like. Step 
4 (wafer process) is called a pre-process, and an actual 
circuit is formed by lithography using the prepared mask 



and wafer. The next step 5 (assembly) is called a post- 
process, in which semiconductor chips are assembled 
using the wafer obtained in step 4, and includes an 
assembly process (dicing, bonding), a packaging 
(encapsulating chips), and the like. In step 6 (inspec- 
tion), inspections such as operation confirmation tests, 
durability tests, and the like of semiconductor devices 
assembled in step 5 are run. Semiconductor devices 
are completed via these processes, and are delivered 
(step 7). 

Rg. 1 1 shows the detailed flow of the wafer proc- 
ess. In step 11 (oxidation), the surface of the wafer is 
oxidized. In step 12 (CVD), an insulating film is formed 
on the wafer surface. In step 13 (electrode formation), 
electrodes are formed by deposition on the wafer. In 
step 14 (ion implantation), ions are implanted into the 
wafer. In step 15 (resist process), a photosensitive 
agent is applied on the wafer. In step 16 (exposure), the 
circuit pattern on the mask is printed on the wafer by 
exposure using the electron beam exposure apparatus. 
In step 17 (development), the exposed wafer is devel- 
oped. In step 18 (etching), a portion other than the 
developed resist image is removed by etching. In step 
19 (remove resist), the resist film which becomes 
unnecessary after etching is removed. By repetitively 
executing these steps, multiple circuit patterns are 
formed on the wafer. 

(Effects of Embodiments) 

According to the above-mentioned embodiments, 
the following effects are expected. 

• A broader exposure region than in the conventional 
apparatus can be drawn quickly, and the throughput 
can be improved greatly. 

• By providing the function of controlling the size and 
shape of arcuated electron beams, illuminance 
nonuniformity of the electron beams can be cor- 
rected over a broad exposure region, thus achiev- 
ing satisfactory exposure. 

• By providing the focus correction function corre- 
sponding to the total current from the mask, an 
electron beam image can be prevented from being 
blurred, thus achieving satisfactory exposure. 
By providing the function of controlling the transfer 
reduction ratio to both the electron optical system 
and the wafer stage driving control unit, the magni- 
fication can be easily corrected even in exposure 
using, e.g., mix & match or the like. 
Since a mask that allows overlap exposure and the 
exposure function are provided upon divisionally 
exposing the device pattern, the stitching precision 
of the divided patterns can be improved. 



Also, according to the third embodiment, electron 
beams coming from the electron beam source can be 
efficiently used as arcuated electron beams. 
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The present invention is not limited to the above < 
embodiments and various changes and modifications 
can be made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the scope 
of the present invention the following claims are made. 5 

An electron beam exposure apparatus for project- 
ing an image formed by electron beams onto a wafer 
(114) via a reduction electron optical system (108), irra- 
diates collimated electron beams toward an aperture 
board (104) having an arcuated aperture (201) sand- 10 
wiched between two arcs having, as the center, the axis 
of the reduction electron optical system (108), and 
exposes the wafer (114) with electron beams having an 
arcuated sectional shape that have been transmitted 
through the aperture (201). 15 

Claims 

1. An electron am exposure apparatus for projecting 

an image formed by electron beams onto an object 20 
(114; 14; 1014) to be exposed via a reduction elec- 
tron optical system (108; 8; 1008), comprising: 

carrying means (115, 116; 15, 16; 1015, 1016) 
for carrying the object (114; 14; 1014) to be 25 
exposed; and 

irradiation means (101 - 104; 1 - 6, PL, S, PE, 
AE; IL) for irradiating electron beams having an 
arcuated sectional shape sandwiched between 
two arcs having, as a center, an axis of said so 
reduction electron optical system (108; 8; 
1008), toward the object (114; 14; 1014) to be 
exposed. 

2. The apparatus according to claim 1, further com- 35 
prising correction means (107; 7; 1007) for correct- 
ing aberrations produced when the electron beams 
pass through said reduction electron optical system 
(108; 8; 1008). 

40 

3. The apparatus according to claim 2, wherein said 
correction means (107; 7; 1007) diverges or con- 
verges the electron beams to give different diver- 
gent or convergent effects in a tangential direction 
and a radius vector direction of the arc in the arcu- 45 
ated section defined by the electron beams. 

4. The apparatus according to claim 3, wherein said 
correction means (107; 7; 1007) has an arcuated 
aperture (1 07a; 7a; 1 007a) for transmitting the elec- so 
tron beams coming from said irradiation means 
(101 -104;1 -6, PL, S, PE, AE; IL). 

5. The apparatus according to claim 1 , further com- 
prising support means (106; 6; 1006) for supporting ss 
a mask (1 05; 5; 1 005) formed with a pattern defined 

by portions that transmit the electron beams and 
portions that shield the electron beams. 



>. The apparatus according to claim 5, wherein said 
support means (106; 6; 1006) supports said mask 
(105; 5; 1005) between said irradiation means (101 
- 104; 1 - 6, PL, S, PE, AE; IL) and said carrying 
means (115, 116; 15, 16; 1015, 1016). 

7. The apparatus according to claim 6, further com- 
prising driving means (302, 308; 32, 38; 1032, 
1038) for moving said support means (106; 6; 
1006) and said carrying means (115, 116; 15, 16; 
1015, 1016) in a plane perpendicular to the axis of 
said reduction electron optical system (108; 8; 
1008). 

8. The apparatus according to claim 7, wherein said 
driving means (302, 308; 32, 38; 1032, 1038) syn- 
chronously drives said support means (106; 6; 
1006) and said carrying means (115, 116; 15, 16; 
1015, 1016). 

9. The apparatus according to claim 1, wherein said 
irradiation means (101 - 104) has: 

an aperture board (104) having an arcuated 
aperture (201) sandwiched between two arcs 
having, as the center, the axis of said reduction 
electron optical system (108); and 
an electron beam source (101 - 103) for emit- 
ting collimated electron beams toward said 
aperture board (104). 

10. The apparatus according to claim 9, wherein said 
aperture board (104) has slit width adjustment 
means (503, 504, 507, 508) for adjusting a slit width 
of said arcuated aperture (201). 

11. The apparatus according to claim 9, wherein said 
aperture board (104) has slit length adjustment 
means (505, 506, 509, 510) for adjusting a slit 
length of said arcuated aperture (201). 

12. The apparatus according to claim 9, wherein said 
aperture board (104) has: 

slit width adjustment means (503, 504, 507, 
508) for adjusting a slit width of said arcuated 
aperture (201); and 

slit length adjustment means (505, 506, 509, 
510) for adjusting a slit length of said arcuated 
aperture (201). 

13. The apparatus according to claim 9, wherein said 
aperture board (104) has slit width adjustment 
means (601, 602) for individually adjusting slit 
widths at individual positions of the arcuated aper- 
ture (201). 

14. The apparatus according to claim 1, further com- 
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prising: 



divides the arc. 



acquisition means (313, 314; 40, 41) for 
sequentially acquiring information associated 
with a total amount of electron beams incident 
on the object to be exposed; and 
correction means (1 1 3; 1 3) for sequentially cor- 
recting a focal point position of said reduction 
electron optical system (108; 8) on the basis of 
the acquired information. 

15. The apparatus according to claim 5, further com- 
prising: 

acquisition means (313, 314; 40, 41) for 
sequentially acquiring information associated 
with a total amount of electron beams incident 
on the object to be exposed; and 
correction means (1 1 3; 1 3) for sequentially cor- 
recting a focal point position of said reduction 
electron optical system (108; 8) on the basis of 
the acquired information. 

16 The apparatus according to claim 15, wherein said 
acquisition means (313, 314; 40. 41) has memory 
means (314; 41) for storing information associated 
with coordinates of the pattern of said mask (105; 
5) supported by said support means (106; 6), and 
an estimated value of a total amount of electron 
beams incident at a position of the object (114; 14) 
to be exposed corresponding to the coordinates, 
and sequentially acquires the information associ- 
ated with the total amount of the electron beams 
incident on the object (1 14; 14) to be exposed with 
reference to the stored information. 

17 The apparatus according to claim 15, wherein said 
* acquisition means (313, 314; 40, 41) has scattered 
electron detection means (1 1 1a; 1 1a) for detecting 
an amount of electrons scattered by said mask sup- 
ported by said support means (106; 6) as the infor- 
mation associated with the total amount of the 
electron beams incident on the object (114; 14) to 
be exposed. 

18. The apparatus according to claim 17, wherein said 
scattered electron detection means (111a; 11a) 
detects the scattered electrons by a shield member 
(111- 11) for shielding the scattered electrons, 
which member is arranged at a pupil position of 
said reduction electron optical system (108; 8). 

19 The apparatus according to claim 7, wherein said 
driving means (302. 308; 32, 38) drives said sup- 
port means (106; 6) and said carrying means (1 15, 
1 1 6; 1 5, 1 6) so as to make the electron beams hav- 
ing the arcuated sectional shape scan the object to 
be exposed in a radius vector direction that equally 



20 The apparatus according to claim 19, wherein said 
driving means (302, 308; 32. 38) drives said sup- 
5 port means (106; 6) and said carrying means (115. 
1 16' 1 5, 16) to expose an entire exposure region on 
the object to be exposed by repeating a series of 
operations for changing a region, where the elec- 
tron beams having the arcuated sectional shape 
10 are incident on the object to be exposed, in a d.rec- 
tion perpendicular to the radius vector direction that 
equally divides the arc upon completion of one 
scan, and then executing the next scan. 

75 21 The apparatus according to claim 20, wherein said 
driving means (302, 308; 32, 38) drives said sup- 
port means (106; 6) and said carrying means (115, 
116* 15 16) so as to make end portions of expo- 
sure regions exposed by individual scans overlap 
20 each other. 

22 The apparatus according to claim 1. wherein said 
irradiation means (1 - 6, PL, S. PE, AE) has: 



25 photoelectric conversion means (S, PE) for 

converting light into electrons; 
projection means (1 - 6, PL) for projecting an 
image of light having an arcuated sectional 
shape sandwiched between two arcs having. 
3 o as the center, the axis of said reduction elec- 

tron optical system (8), onto a photoelectric 
conversion surface (PE) of said photoelectric 
conversion means (S, PE); and 
acceleration means (AE) for accelerating the 
35 electrons output from said photoelectric con- 

version surface (PE) in a direction of the object 
(14) to be exposed. 

23. The apparatus according to claim 22, wherein said 
40 projection means (1 - 6, PL) has: 

an aperture board (4) having an arcuated aper- 
ture (4a) sandwiched between two arcs having, 
as the center, the axis of said reduction elec- 
45 tron optical system (8); 

a light source (1 - 3) for emitting collimated light 
toward said aperture board (4); and 
a projection optical system (PL) for projecting 
an image of light transmitted through said aper- 
so ture (4a) of said aperture board (4) onto said 

photoelectric conversion surface (PE). 

24 The apparatus according to claim 23, wherein said 
projection means (1 - 6. PL) further comprises sup- 
55 port means (6) for supporting a mask at a position 
between said aperture board (4) and said projec- 
tion optical system (PL). 
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25. The apparatus according to any one of claims 22 to 
24, further comprising: 

correction means (7) for correcting aberrations 
produced when the electron beams pass 
through said reduction electron optical system 
(8). 

26 The apparatus according to claim 25, wherein said 
' correction means (7) diverges or converges the 

electron beams to give different divergent or con- 
vergent effects in a tangential direction and a radius 
vector direction of the arc in the arcuated sect.on 
defined by the electron beams. 

27 The apparatus according to claim 25, wherein said 
correction means (7) also serves as said accelera- 
tion means (AE). 

28 The apparatus according to claim 25 or 26. wherein 
' said correction means (7) has an arcuated aperture 

for transmitting the electron beams coming from 
said irradiation means (1 - 6, PL, S, PE, AE). 

29 The apparatus according to claim 24, further com- 
' prising driving means (32. 38) for moving sari sup- 
port means (6) and said carrying means (15) in a 
plane perpendicular to the electron beams. 

30 The apparatus according to claim 29, wherein said 
" driving means (32. 38) synchronously drives said 

support means (6) and said carrying means (15). 

31 The apparatus according to claim 23, wherein said 
aperture board (4) has slit width adjustment means 
(53, 54, 57, 58) for adjusting a slit width of said 
arcuated aperture (4a). 

32 The apparatus according to claim 23. wherein said 
' aperture board (4) has slit length adjustment 

means (55, 56, 59, 60) for adjusting a slit length of 
said arcuated aperture (4a). 

33. The apparatus according to claim 23, wherein said 
aperture board (4) has: 

slit width adjustment means (53. 54. 57. 58) for 
adjusting a slit width of said arcuated aperture 

slit length adjustment means (55. 56, 59, 60) 
for adjusting a slit length of said arcuated aper- 
ture (4a). 

34. The apparatus according to claim 24, further com- 
prising: 

acquisition means (40. 41) for sequentially 
acquiring information associated with a total 



34 

amount of electron beams incident on the 
object to be exposed; and 
correction means (13) for sequentially correct- 
ing a focal point position of said reduction elec- 
tron optical system (8) on the basis of the 
acquired information. 

35. The apparatus according to claim 34, wherein said 
acquisition means (40. 41) has memory means (41) 
for storing information associated with coordinates 
of the pattern of said mask (5) supported by said 
support means (6), and an estimated value of a 
total amount of electron beams incident at a posi- 
tion of the object (14) to be exposed corresponding 
to the coordinates, and sequentially acquires the 
information associated with the total amount of the 
electron beams incident on the object (14) to be 
exposed with reference to the stored information. 

20 36. The apparatus according to claim 34. wherein said 
acquisition means (40. 41) has scattered electron 
detection means (11a) for detecting an amount of 
electrons scattered by said mask supported by sari 
support means (6) as the information associated 
with the total amount of the electron beams incident 
on the object (14) to be exposed. 



37 The apparatus according to claim 36. wherein sari 
scattered electron detection means (11a) detects 
so the scattered electrons by a shield member (1 1) for 
shielding the scattered electrons, which member is 
arranged at a pupil position of said reduction elec- 
tron optical system (8). 
35 38 The apparatus according to claim 24, wherein said 
" driving means (32, 38) drives said support means 
(6) and said carrying means (15, 16) so as to make 
the electron beams having the arcuated sectional 
shape scan the object to be exposed in a radius 
ao vector direction that equally divides the arc. 

39 The apparatus according to claim 38. wherein said 
' driving means (32. 38) drives said support means 
(6) and said carrying means (15, 16) to expose an 
45 entire exposure region on the object to be exposed 

by repeating a series of operations for changing a 
region, where the electron beams having the arcu- 
ated sectional shape are incident on the object to 
be exposed, in a direction perpendicular to the 
so radius vector direction that equally divides the arc 
upon completion of one scan, and then executing 
the next scan. 

40 The apparatus according to claim 39, wherein said 
55 driving means (32. 38) drives said support means 
(6) and said carrying means (15. 16) so as to make 
end portions of exposure regions exposed by indi- 
vidual scans overlap each other. 
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41 The apparatus according to claim 21 , further com- 
' prising driving means (23) for driving a photoelec- 
tric conversion surface (PE) of photoelectric 
conversion means (S, PE). 

42. The apparatus according to claim 1, wherein said 
irradiation means (IL) has: 

an electron beam source (1001) for emitting 
electron beams; 

first deflection means (DEF1), having two cylin- 
drical surface electrodes (EP11. EP12) having 
a first axis as a center, for deflecting the elec- 
tron beams emitted by said electron beams 
source (1001) by an electric field across the 
two cylindrical surface electrodes; and 
an aperture board (1004) having an arcuated 
aperture (AP) sandwiched between two arcs 
having, as the center, the axis of said reduction 
electron optical system (PL), and 
said irradiation means (IL) irradiates electron 
beams having an arcuated sectional shape, 
which have been transmitted through said 
aperture (AP) of said aperture board (1004), of 
the deflected electron beams toward the object 
(1014) to be exposed. 

43. The apparatus according to claim 42, wherein said 
irradiation means (IL) further has second deflection 
means (DEF2), having two cylindrical surface elec- 
trodes (EP21, EP22) having a second axis as a 
center, for further deflecting the electron beams 
which have passed through said first deflection 
means (DEF1) by an electric field across the two 
cylindrical surface electrodes in a direction opposite 
to the electric field across the two cylindrical sur- 
face electrodes (EP11, EP1 2) of said first deflection 
means (DEF1), and irradiates electron beams hav- 
ing an arcuated sectional shape, which have been 
transmitted through said aperture (AP), of the elec- 
tron beams deflected by said second deflection 
means (DEF2) toward the object (1014) to be 
exposed. 

44. The apparatus according to claim 43, wherein the 
first and second axes agree with each other. 

45. The apparatus according to claim 43, wherein the 
first and second axes agree with the axis of said 
reduction electron optical system (PL). 

46. The apparatus according to claim 44, wherein the 
axis of said electron beam source (1001) is offset 
from the axis of said reduction electron optical sys- 
tem (PL). 

47. The apparatus according to claim 43, further com- 
prising correction means (1007) for correcting aber- 



rations produced when the electron beams pass 
through said reduction electron optical system (PL). 

48 The apparatus according to claim 47, wherein said 
correction means (1007) diverges or converges the 
electron beams to give different divergent or con- 
vergent effects in a tangential direction and a radius 
vector direction of the arc in the arcuated section 
defined by the electron beams. 

49 "The apparatus according to claim 48, wherein said 
correction means (1007) has an arcuated aperture 
(1007a) for transmitting the electron beams coming 
from said irradiation means (IL). 



50 The apparatus according to claim 42, further com- 
prising support means (1006) for supporting a 
mask (1005) formed with a pattern defined by por- 
tions that transmit electrons and portions that shield 
20 the electron beams. 

51. The apparatus according to claim 50, wherein said 
support means (1006) supports said mask (1005) 
at a position between said irradiation means (IL) 
25 and said carrying means (1015, 1016). 

52 The apparatus according to claim 51 , further com- 
prising driving means (1032, 1038) for moving said 
support means (1006) and said carrying means 

so (1015, 1016) in a plane perpendicular to the axis of 
said reduction electron optical system (1008). 

53 The apparatus according to claim 52, wherein said 
driving means (1032, 1038) synchronously drives 

35 said support means (1006) and said carrying 
means (1015, 1016). 

54. An electron beam generation apparatus compris- 
ing: 
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55 



an electron beam source (1001) for emitting 
electron beams; and 

first deflection means (DEF1), having two cylin- 
drical surface electrodes (EP11, EP12) having 
a first axis as a center, for deflecting the elec- 
tron beams emitted by said electron beams 
source (1001) by an electric field across the 
two cylindrical surface electrodes. 

55. TTie apparatus according to claim 54, further com- 
prising second deflection means (DEF2), having 
two cylindrical surface electrodes (EP21, EP22) 
having a second axis as a center, for further deflect- 
ing the electron beams which have passed through 
said first deflection means (DEF1) by an electric 
field across the two cylindrical surface electrodes in 
a direction opposite to the electric field across the 
two cylindrical surface electrodes (EP11. EP12) of 



19 



37 



EP0 838 837 A2 



38 



said first deflection means (DEF1). 



(114; 14; 1014) to be exposed. 



10 



56. The apparatus according to claim 55, wherein the 
first and second axes agree with each other. 

57 An aperture board (104) for defining a sectional 
shape of electron beams in an electron beam expo- 
sure apparatus for projecting an image defined by 
the electron beams onto an object to be exposed 
via a reduction electron optical system (108), com- 
prising: 

an aperture (201) having an arcuated sectional 
shape sandwiched between two arcs having a 
common axis as a center. 

58. The aperture board according to claim 57, further 
comprising slit width adjustment means (503, 504) 
for adjusting a slit width of said aperture (201). 

59. The aperture board according to claim 57, further 
comprising slit length adjustment means (505. 506) 
for adjusting a slit length of said aperture (201). 

60. The aperture board according to claim 57, further 
comprising: 

slit width adjustment means (503, 504) for 
adjusting a slit width of said aperture (201); and 
slit length adjustment means (505, 506) for 
adjusting a slit length of said aperture (201). 

61. The aperture board according to claim 57, further 
comprising slit width adjustment means (601, 602) 
for individually adjusting slit widths at individual 
positions of said aperture (201). 

62 A mask (105) for an electron beam exposure appa- 
ratus, on which an entire pattern to be exposed on 
a wafer is divisionally formed on a plurality of 
regions, 

a common pattern between adjacent regions 
being repetitively formed on boundary portions 
(702) where the pattern is divided. 

63. An electron beam exposure method for projecting 
an image formed by electron beams onto an object 
(114- 14- 1014) to be exposed via a reduction elec- 
tron optical system (108; 8; 1008), comprising the 
step of: 



64. The method according to claim 63, further compris- 
ing the step of correcting aberrations (107; 7; 1007) 
produced when the electron beams pass through 
said reduction electron optical system (108; 8; 
1008). 

65 The method according to claim 64, wherein the step 
of correcting the aberrations (107; 7; 1007) includes 
the step of diverging or converging the electron 
beams to give different divergent or convergent 
effects in a tangential direction and a radius vector 
direction of the arc in the arcuated section defined 

is by the electron beams. 

66 An electron beam exposure method for projecting 
an image formed by electron beams onto an object 
(14) to be exposed via a reduction electron optical 

20 system (8), comprising the steps of: 

projecting (1 - 6, PL) an image of light having 
an arcuated sectional shape sandwiched 
between two arcs having, as the center, the 
axis of said reduction electron optical system 
(8), onto a photoelectric conversion surface 
(PE) of a photoelectric conversion member (S, 

PE ); 

accelerating and irradiating (AE) electron 
beams having an arcuated sectional shape 
output from the photoelectric conversion sur- 
face (PE) in a direction of the object (14) to be 
exposed; and 

scanning (Fig. 17) the electron beams having 
the arcuated sectional shape on the object (14) 
to be exposed, 

thereby exposing an entire exposure region on 
the object (14) to be exposed. 
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40 67. The method according to claim 66, further compris- 
ing the step of correcting aberrations (7) produced 
when the electron beams pass through said reduc- 
tion electron optical system (8). 

45 68. The method according to claim 67, wherein the step 
of correcting the aberrations (7) includes the step of 
diverging or converging the electron beams to give 
different divergent or convergent effects in a tan- 
gential direction and a radius vector direction of the 

so arc in the arcuated section defined by the electron 
beams. 



exposing an entire exposure region on the 
object to be exposed by scanning (Fig. 17) 
electron beams having an arcuated sectional ss 
shape sandwiched between two arcs having, 
as a center, an axis of said reduction electron 
optical system (108; 8; 1008), on the object 



69 An electron beam exposure method for projecting 
an image formed by electron beams onto an object 
(1014) to be exposed via a reduction electron opti- 
cal system (1008), comprising the steps of: 

deflecting (DEF1) electron beams emitted by 
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an electron beam source (1001) by an electric 
field across two cylindrical surface electrodes 
(EP1 1 , EP1 2) having a first axis as a center; 
irradiating the deflected electron beams onto 
an aperture board (1004) having an arcuated s 
aperture (AP) sandwiched between two arcs 
having, as a center, an axis of said reduction 
electron optical system (PL); 
irradiating electron beams having an arcuated 
sectional shape, which have been transmitted ? 
through the aperture (AP) toward the object 
(1014) to be exposed; and 
scanning (Fig. 26) the electron beams having 
the arcuated sectional shape on the object 
(1014) to be exposed, 1 
thereby exposing an entire exposure region on 
the object (1014) to be exposed. 

70. An electron beam exposure method for projecting 
an image formed by electron beams onto an object i 
(1014) to be exposed via a reduction electron opti- 
cal system (1008), comprising the steps of: 

deflecting (DEF1) electron beams emitted by 
an electron beam source (1001) by an electric - 
field across two cylindrical surface electrodes 
(EP1 1 , EP12) having a first axis as a center; 
further deflecting (DEF2) the deflected electron 
beams by an electric field, in a direction oppo- 
site to a direction of the electric field, across 
two cylindrical surface electrodes (EP21, 
EP22) having a second axis as a center; 
irradiating the deflected electron beams onto 
an aperture board (1004) having an arcuated 
aperture (AP) sandwiched between two arcs 
having, as a center, an axis of said reduction 
electron optical system (PL); 
irradiating electron beams having an arcuated 
sectional shape, which have been transmitted 
through the aperture (AP) toward the object 
(1014) to be exposed; and 
scanning (Fig. 26) the electron beams having 
the arcuated sectional shape on the object 
(1014) to be exposed, 

thereby exposing an entire exposure region on 
the object (1014) to be exposed, 

71. A method of manufacturing a device using an elec- 
tron beam exposure apparatus of any one of claims 
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